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EFFECT OF MEAL BREAK TIMES ON SOLAR  
UV EXPOSURE TO SCHOOLCHILDREN IN A  
SOUTHEAST QUEENSLAND SUMMER MONTH 
 
Abstract - Evidence from epidemiological research suggests that childhood exposure to solar 
ultraviolet (UV) radiation is an important causative factor in the formation of skin cancer. A 
mathematical model was employed to investigate the effect of meal break times on solar UV 
radiation exposure to schoolchildren in Southeast Queensland for the month of February. The 
model incorporates UV irradiances measured continuously during daylight hours for a 
summer month in Toowoomba (27.5o S latitude) along with the anatomical distribution of UV 
to specific body sites measured with polysulphone UV dosimeters. The polysulphone 
dosimeters have a UV response approximating that of human skin and are calibrated for UV 
exposure against a calibrated spectroradiometer. This paper presents the results of the UV 
exposures to the nose, chin, forehead and forearm for different meal break times in schools. 
These UV exposures were reduced by a factor of up to 0.8 by varying the school meal break 
times alone. Optimisation of the existing morning and lunch break times reduced the UV 
exposures in the school day by a factor of up to 0.45. Results of extrapolating these results to 
the whole year will be discussed.  
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INTRODUCTION 
Approximately 800 Australians die annually from melanoma and 200 annually from NMSC 
(non-melanoma skin cancer) (NHMRC, 1996). Queensland, Australia has the highest 
incidence rates of NMSC and cutaneous malignant melanoma in the world (NHMRC, 1996). 
The cost of skin cancer to the Australian community has been estimated at $400 million per 
year (Girgis et al., 1994). Additionally, there is the incalculable cost of the associated human 
suffering. Even without the effects of ozone depletion, contributing factors to these high skin 
cancer incidence rates are: 
• Low latitudes compared to major population centres in the Northern Hemisphere with the 
consequence of high ambient solar UV (280-400 nm) irradiances;  
• Predominantly pale skinned Caucasian population;  
• Emphasis on an outdoor lifestyle;  
• Variation in the earth-sun distance with the earth 1.7% closer to the sun in the Southern 
Hemisphere summer compared to 1.7% further away in the Northern Hemisphere summer 
with the end result of a 7% difference in solar intensity (Roy et al., 1995). This coupled 
with comparatively clearer and less polluted skies results in high UV irradiances compared 
to those at corresponding northern latitudes (Seckmeyer et al., 1995, Sabburg et al., 1998). 
Evidence from epidemiological research suggests that childhood exposure to ultraviolet 
radiation is an important cause of skin cancer, with reduction of childhood exposure likely to 
have a greater impact on incidence of skin cancer than strategies to reduce exposure in adults 
(NHMRC, 1996), even though these are also important.  
 
Human exposure to solar UV radiation has been investigated by a number of authors (Diffey, 
1992, Herlihy et al., 1994, Kimlin et al., 1998a). Research on human personal characteristics, 
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sun related beliefs and behaviours and sunburn experienced (Hill et al., 1993) has shown that 
the number of sunburns, and therefore human UV exposure, is related to human behaviour. 
Intervention programs (for example, Sunsmart or Slip, Slop, Slap) have been employed for the 
reduction of personal UV exposure for school children and the daily UV index has been 
implemented for the prediction of the maximum UV for the next day. The Centre for 
Behavioural Research in Cancer in Victoria has conducted research into the measurement of 
human responses to sun exposure (Borland, 1996). Although there is a generally wide 
knowledge about skin cancer, there is a specific lack of knowledge about time of day and 
season when UV radiation is greatest (Hill and Boulter, 1996). 
 
Previous research has measured high UV exposures to schoolchildren in Southeast 
Queensland (Kimlin et al., 1998a). Even if simple measures with minimal effect on lifestyle 
are adopted they will result in reduced lifetime UV exposure with resultant reduction in the 
risk of skin cancer (Diffey, 1992). This paper presents scientifically collected data on the 
effect of varying the times and the length of the total meal break on solar UV exposure to 
schoolchildren in a Southeast Queensland summer month.  
MATERIALS AND METHODS 
Monthly Exposure 
Human exposure to UV depends on the ambient UV irradiances, the time spent outdoors, the 
UV protection employed and the anatomical distribution of UV to specific body sites. For the 
month, each day was broken up into 15 minute intervals labelled by i, and the month into 
daily intervals labelled by h. The total UV exposure, D, for the selected anatomical site in the 
sunlight was given by (Wong et al., 1996): 
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where AE is the ambient UV exposure, ER is the exposure ratio (the fraction of ambient UV 
reaching the exposure site), FO is the activity index (the fraction of the time spent outdoors), 
PF is the protection factor (reduction of exposure provided by a hat or other forms of 
protection) and M is the number of school days in the month.    
 
Erythemal UV Irradiances 
The harmful effect of UV was assessed using the concept of biologically effective irradiance. 
The biologically effective exposure, UVBE, for erythema induced by the solar spectral 
irradiance, S(λ,t), is defined as: 
        (2) UVBE S( , t)A( )d dt280
400T= ∫∫ λ λ λ0
where A(λ) is the human erythemal action spectrum (CIE, 1987) in Figure 1 and T is the 
period of exposure. Figure 1 also shows the spectral irradiance for a solar zenith angle of 33o 
along with the spectral irradiance weighted with the erythemal action spectrum. The ambient 
erythemal UV irradiances in Toowoomba (27.5°S) were monitored continuously for each 
fifteen minute interval between 11 and 28 February, 1998 using a permanently mounted 
Biometer (model 501, Solar Light Co., Philadelphia, USA) on a building roof at the 
University of Southern Queensland. Data prior to 11 February was unavailable. The Biometer 
is a broad band meter that utilises a series of pre and post filters to approximate the response 
of the sensor to that of the human erythemal action spectrum. As a result, it is measuring the 
product of the source spectral irradiance and the erythemal action spectrum integrated over 
the wavelength range. The meter sums the irradiances over a time period of 15 minutes to 
provide the biologically effective exposure so that it evaluates the double integral described in 
Equation (2). 
 
Figure 1
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 The exposure ratio, ER, of a particular body site is expressed as a fraction of the ambient 
erythemal UV to that incident to the particular body site. Measurements of ER were made by 
using polysulphone dosimeters attached to various anatomical locations over a manikin 
rotating on a platform at one to two revolutions per minute to represent the upright random 
movements of a human as employed in previous research (Kimlin et al., 1998b). The 
polysulphone film has a response to UV radiation that approximates the human erythemal 
action spectrum (Davis et al., 1976). The optical absorbence of the film changes as a result of  
exposure to UV and was measured at 330 nm pre and post exposure with a spectrophotometer 
(model UV160, Shimadzu Co., Kyoto, Japan). The polysulphone was calibrated to the 
erythemal exposure against a spectroradiometer in a similar manner to Parisi et al. (1996). 
The dosimeters were in a holder 2.5 cm x 2.5 cm and had a central aperture of approximately 6 
mm diameter. Polysulphone dosimeters were attached to the nose, chin, forehead, forearm and 
shin of the manikin for measuring the UVBE to these sites along with a dosimeter to the vertex 
of the head for measurement of the ambient erythemal UV for calculation of the ER. The 
exposure ratio is dependent on the solar zenith angle and changes with the time of day and 
season. Consequently, the polysulphone dosimeters on the manikin measured the exposures to 
each site over the period of the school day to take into account changes in the solar zenith angle 
throughout the day and the exposure ratio for each body site is the average over the day. The ER 
is also dependent on the type of activity undertaken. Based on the assumption of an upright 
body position, the ER’s were determined for a standing position with an upright manikin in 
the summer month on 13th and 14th February, 1998. The protection factors, PF, due to 
sunscreen, hats and shade were neglected in this research, so the UV exposures are the worst 
case scenario. Nevertheless, the results provide the relative effectiveness of reducing the UV 
exposures by varying the meal break times alone. 
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 Activity Index 
The activity index (FO) was the probability of exposure of the population group as a function 
of the time of day split into 15 minute intervals. The activity index was calculated by 
assuming that during the meal break times, the school children were outside in full sun and 
that they were in an upright body position.  
 
Personal UV Exposures 
Equation (1) was employed for the scenarios of the seven different meal break times in Table 
1 that are currently employed in seven Toowoomba primary and secondary schools in 
Southeast Queensland to calculate the UV exposures in February per school day between 9:00 
EST and 15:00 EST. The UV exposures were calculated for the vertex of the head, nose, chin, 
cheek, forehead and forearm in order to determine the effect of meal break times on the UV 
exposure.  
 
Table 1
 
The annual contribution to the risk of developing non-melanoma skin cancer may be 
expressed as a simple power law of the annual exposure and the age dependence with the 
ratio of the contribution to skin cancer risk for an annual exposure of Do compared to an 
annual exposure of D as (Wong et al., 1996): 
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where epidemiological studies have determined the biological amplification factor, β as 
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greater than one for basal cell carcinomas (BCC) and squamous cell carcinomas (SCC) with 
values of 1.4 and 2.5 respectively (Diffey, 1992). 
RESULTS 
Erythemal UV Irradiances 
The erythemal irradiances over each 15 minute period of the day for a cloudy day on 11 
February and a cloud free day on 23 February are provided in Figure 2. The exposures are in 
units of MED with one MED defined as 20 mJ cm-2 (Diffey, 1992) and is the amount of 
biologically effective UV required to produce barely perceptible erythema after an interval of 
8 to 24 hours following UV exposure. The cloud free day shows the peak at approximately 
solar noon with an irradiance of 5.8 MED over one hour at the peak with the second day 
showing the effect of scattered cloud on the irradiance. This Figure shows that the majority of 
the erythemal irradiances are between 9:00 and 15:00 EST compared to the lower irradiances 
before 9:00 EST and after 15:00 EST. 
 
Figure 2
 
Personal UV Exposures 
The erythemal exposures per day to the anatomical sites for the month of February are 
provided in Figure 3. For all of the seven schools, the nose and forehead received the highest 
exposures with exposures ranging from 1.3 to 1.7 MED. In comparison, the shin received the 
lowest exposure of the sites with a range of 0.5 to 0.7 MED. The occupational UV exposure 
limits set by the NHMRC (NHMRC, 1989) are well below a 1 MED exposure. High personal 
exposures that are above these occupational limits would be received by the schoolchildren in 
the summer month in this research if no UV protective strategies are employed. 
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 Figure 3
 
Figure 3 shows that the children in school 2 with the meal break times of 10:30 to 11:00 EST 
and 12:30 to 13:30 EST received the highest UV exposures to each of the anatomical sites. In 
comparison, the children in school 1 with the meal break times of 11:00 to 11:45 EST and 
13:15 to 13:45 EST received the lowest UV exposures. These exposures for school 1 were 
reduced by a factor of 0.8 compared to the exposures for school 2. This reduction is due to 
two components, namely, the total length of the meal breaks is less and they occur at times of 
less UV radiation. This may be extended by considering employing the morning break time 
with the minimum UV exposure and the lunch break time with the minimum UV exposure to 
optimise the meal break times for minimum UV exposure.  
 
Table 2
 
If these reductions are found to apply over a whole school year, the effect on reducing the 
contribution to the risk of NMSC (non-melanoma skin cancer) can be significant. From 
Equation (3), reducing the annual exposure from Do to D reduces the contribution to risk of 
BCC and SCC. 
DISCUSSION 
The erythemal exposure to the school children is influenced by the timing of the meal breaks. 
This paper has considered the optimisation of the school meal break times to reduce the UV 
exposure for a summer month at a Southeast Queensland site. This minimisation is in the 
context of the constraints of varying the times of the meal breaks and minimising the total 
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meal break between 10:00 EST and 14:00 EST. The schoolchildren receive additional 
exposures outside school hours during recreational activities. Despite this, for the month of 
February in Southeast Queensland, a difference in erythemal exposure up to 0.3 MED or up to 
a factor of 0.8 to the nose each school day may be achieved by employing the meal break 
times of 11:00 to 11:45 EST and 13:15 to 13:45 EST. Minimising the total meal break times 
produced the times of 10:30 to 10:45 EST and 13:15 to 13:45 EST for the reduction of the UV 
exposures by a factor of up to 0.45. These reductions will accumulate to a significant 
reduction in exposure over a school year. Consequently, the annual contribution to the risk of 
NMSC can be reduced. This may be employed as a primary UV protection strategy before 
any other protective strategies are employed. Although not considered in this paper, this 
would also apply to the timing of any outdoor school sporting activities. It is worthwhile 
noting that the results in this paper should not be extrapolated to other months of the year and 
other locations with different physical environments without further data on the ambient 
irradiances and exposure ratios for all months of the school year for the particular location.  
Even with the minimisation of the UV exposures by optimising the meal break times, the UV 
exposures are high. The optimisation of school meal break times is only one protective 
strategy and the use of protective strategies such as shade, sunscreen and clothing, including 
hats and sunglasses are still strongly recommended to reduce these high UV exposures.  
 
Acknowledgments – The authors thank Lennox Meldrum for the installation of the Biometer. 
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 Table 1 – Meal break times for selected schools in Toowoomba. 
School Morning Break Lunch Break 
 Start (EST) Stop (EST) Start (EST) Stop (EST) 
1 11:00 11:45 13:15 13:45 
2 10:30 11:00 12:30 13:30 
3 10:45 11:30 13:00 13:30 
4 10:30 10:45 12:30 13:30 
5 11:15 11:45 13:00 13:45 
6 11:00 11:20 12:45 13:45 
7 11:00 11:30 13:00 13:45 
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 Table 2 – UV exposures to the vertex of the head for school children in Toowoomba. 
School Morning Break UV exposure 
(MED) 
Lunch Break UV exposure 
(MED) 
1 3.5 2.0 
2 2.2 4.7 
3 3.4 2.2 
4 1.1 4.7 
5 2.4 3.2 
6 1.5 4.4 
7 2.3 3.2 
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 Figure Captions 
 
Figure 1 – The human erythemal action spectrum (CIE, 1987) along with the spectral 
irradiance measured for a solar zenith angle of 33o and the spectral irradiance 
weighted with the erythemal action spectrum. 
 
Figure 2 – Erythemal irradiances for each fifteen minute period for a cloud free day (11 
February) and for a cloudy day (23 February) in Toowoomba. 
 
Figure 3 – Erythemal exposures to the anatomical sites for each of the schools. 
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